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Toall 1ehon it 0 AY. CONCOrn:

- Be it known that 1; Lotss S. Ross, a citi-
zen of the United States, and a resident u{
Newtonvitle, 1 ghe county of Middlesed
and Stale of Massacliusetts, have invented
an Improvement ity Time- Blunlnn Railw ay
Signal-Fusees, of which the io)lo\\mn ue-
sumtwu is a-gpecitication.

lluq mvéntion -relates. to um)m\on.ult:
in-time burging railway signal fusces, the

Cprinary object thereof lwmcr to produce a

fusee for such purpose that will not spon-
tauconsly ignite under conditions to which
it s necessarily. subjected,. and which will
not be extinguished” when thrown from a
moving train: or- otherwise subjected to se-
vere >lu;ck, and which insures continuity
of the flame after:behting. -

“Iu most wmp(m(mns for raibway bl“‘ll.ll
fusees produced - prior to my invention,
there have been certain recognized - char-
acteristics of -the ingredients contaived in
the - fusces that vetder the Latter extremely
susceptible to-spontancous ignition, partic-
alarly iu the presence of he st or moisture.

The railways of the United States for
a-nuniber of vears past have maintained a
burean for the: safe transportation. of ex-
plosives ¢ and other dangetous articles.
burcau employs chemists -to
questions’ idatmo to the manufacture of e\i
anc

issucs specifications pxescmbm«r the inlrerent
characteristics of time burning vailway sig-
wal: fusees:  These l'e(”llnltl()llb must  be
passed upon and approv ved by the Interstate
to render ‘them
Ir accordance
with the. xeqmremcntq of. the: said ‘bureau,

railway signal: fustes comprise a paper tube

of lxeavv' tOUﬂh fibeér, in vivhich the- compo—

" sition is padxed ¢arrying at one end a spilke
adapted to penctrate the railyvay-ties or bed

and having at its gp1>051te «end  means’ for
igniting the fusee.
are usually thrown from the rear of a mov-
ing train and are necessarily. therefore sub-
]ected to rough nsage. It is therefore neces-
sary to have the paper tube of sufficient
e without
ubes are

These fusee paper

Qpem'u:z«y.tmn of Letters Patent
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therefore made of hm\‘\" “tough fiber,

stated, and the railvoads: requive that. the.

finished fusee must stand a specnled relas
tively heavy weight at its center when sup-
povtted :1t its ends.  One of the: tests of the
said bureda is-that: {he. tuaee_'lfter burning
i numbc[ .of, seconds” i air:must . burp-a
specified time wheu completelv ‘submerged
e waters It is further required -by-the said
burean that-the fusee must burn. a -prede-
Terintned specified - lengtly of time. It must
burn witle brilliancy. aud forde of.flame and
it mnust buri ander either favorable or un-
favorable. ‘'weather. conditions: . In  other
words, the: railway. signal  fusee must burn
in Ltxon r winds or- \t()llllb or-even in pools
of \\‘Itel or.snowbanks.

By reason-of the-nec csaltv’ of- bumnw the
tubie ‘in umfnumt\ witlh the burning. of the
composition. and also ‘of | ‘the- necesmtv that

ihe composition burn with force and bril-

Lianey, altb sucéessful compositions for -rail-
way &.H‘lldl tisees heretofore emiployed have
((mtam"d sulfur and potassiin chlorate as
fundaental ingredients, with the single ex-
ception that a ,)euhl(\m(e pwiuuoly per-
chlovate of potassium; bas been substituted
for the chlorate 1 a-composition contmmng
sulfur:

IFor nmn) vears it has been known that
time burning ‘railway signal fusees contain-
ing sulfur and I)Otd\bllllll chlorate as hereto-
fore combined were subject to spontaneous
ignition and combustion due to climatic con-
ditions of heat and moistire, because of the
presence of said ingredients in the composi-
tion, and atiempts Liave been made for many
years LY x.ulway chemists and” others to
overceme. this serious defect. Such sponta-

‘neous igpition has been attributed to the pro-
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duction by sulfur in the.presance of heat.and -

moisture :“of: sulfmous‘dnd sulfurie gcids,

-which in the presence of E)o»ucsmm chlorate.
generate - chlorin

decompose the Iatter an
perosid.  The formation of sulfuric acid
from sulfur requires the presence of oxygen,
which is readily obtained in the breaking up
of the rohu:mm chlor ate, whereby h(“lt 13
gener Atec, acceleratmfr and helping to ¢
finue the resction until a condition isreac
that produces spontanecus ombuktwn.
The so-called dllomte {ime-burnjnz
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way signal fusce is composed of chlorate,
sulfur, cacbohydrate and metallic nitvate in
suitable proportions. In order to overcome
the tendency to spontancous ignition charac-
teristic of the chlorate fusee, a so-called per-
chlorate fusee has been made by substituting
perchlorate of potassium for the chlorate of
potassium. '

, A fusee made of mixtures containing a
perchlorate, such as perchlorate of potas-
sium, is recognized to be harder to 1caite
and more casily extinguished when thrown
from a moving train than a fusee of the so-
called chlorate type. The so-called perchlo-
rate fusce, in spite of this objection, is used
because «f its substantial freedom from
spontaneous ignition. C o

Because of the fact that a perchlorate
fusee is substantially free from danger. of
spontancous ignition, I have conducted a
series of experiments in_order to produce if
possible a perchlorate fusce that will not be
readily extinguished by sudden shock and
the {lame of which will burn with donti-
nuity. I have as the result of said experi-
ments discovered that if ‘in addifion to a
suitable quantity of potassiumor any other
suitable perchlorate, such, for example, as
Lariam, sodiom or amufonium perchlorate, I
eiploy ‘a small proportion of a’ suitable
chlorate, such, for example, as chlorate of
‘potassium, of bariuin, of sodium, of ammo-
nium or any other suitable chlorate, I not
only produce a tine burning railway signal
fusee which is not liable to spontaneous igiii-
{ion, but T obtain a fusee, the temperature of
ignition” of which is maintained at the de-
stred high point of 250° C. or higher. i
addition, T increase the inflammability of
the fusce compound and increase the tenac-
ity and force of the flame of the fusee coni-
position.  This fusce is not readily extin-
guished under adverse conditions.” Move:
over the stability of the perchlorate (by rea-
son of the cinployment of which the so-
called perchlorate fusee is readily extin-
guished when thrown from a train or upon
receiving a sudden shocek) is modified by the
chlorate, so that the maodified fusee is not
eastly extingnished by sadden shoek or when-
thrown from a train. o :

Inauy tests and experiments to eliminate
the kuown objections of the perchlorate
fusce and Lo perfect such fusce, I-litve as-
certained that the cmploymernit of o carbo-
hydrate ina perchlorate (f-usec is gravely and
peeulinrly objectionable” That 1s to say, T
have ascertained that although a carbohy-
drate miny he employed satisfactorily in ]
so-called cldorate fusee, its presence in a
perchlorate fusee is objectionable -owing ta
s combined presence of carbohydrate andd
perchlovate. A serious objection to the so-
‘called perghilorate fusee is due to the in-
creased oxlizing power of perehlorate which
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differs from chlorate only in that it contains
an added atom of oxygen. - This objection is
a particularly serious one in the use of fusces
of combiiied colors, for the tendencey to fn-
candescence and excessive brilliancy’ causes
the red, yellow and green fusee flames to-lose
their characteristic colors and gradually to
merge nearer a whiter light. T have dis-
covered in the course of long experimenta-
tion that this objection is very materially
overcome by the elimination of carbohydrate
aud by the employment of hydrocarbon. or
carbon, or both, or in other words, by the
cmployment of carbonaceous material that is
devoid of oxygen.. The overcoming of the

‘said objection I attribute largely to the fact

that the carbohydrate contains® oxygen,
which is not present in the hydrocarbon. or
in the carbon. The added oxygen present in
the perchlorate is to a very considerable ex-
tent compensated for by the absence thercof
in the hydrocarbon and carbon, even though
the amount of hydrocarbon or carbon, or
both, is less than that of the perchlorate: - A

further objection to the so-called perchlorate’

fusee is that it burns too quickly; that is,
with a-decreased burning interval after a
short {)eriod following manufacturing.” As
a result of my said experiments, T attribute
this defect in part at least to the added oxy-
gon present in the perchlorate. The absence
of oxygen in the hydrocarbon and in the
carbon compensates therefor, and hence there
is less tendeney of my fusee to burn for a

shorter pertod than the minimum time limit.
-The so-called perchlorate fusee is also.ob- .

Jectionable in that it requires & temperature
of substantially 310° C."to ignite, this‘being
considerably higher than the 250° C. ro-
quired by the burcau for the safe transpor-
tation of explosives. I havé discovered that
by climinating carbohydrate and by em-
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ploying hydrocarbon or carbon, or both, sub- -

stantially as herein sct forth, I am enabled
to make a fusee containing perchlorate,
which fusee is somewhat more readily in-
flammable  than the perchlorate-carhohy-
drate fusce.’ _ o

Not only does the eavbohydrate herstofore
cployed in the manufacture of perchlorate
fusees leave an objectionable. residne and
also prevent the proper burning of the per-
chlorate fuses, but the carbolydrate has been
objected Lo by engincers of -(ests and chem-
ists_upon the ground that certain forms
theicof, suche as - sawdust, constitutes an
adulterant, (he presence whercof in the fusce
composition is reidity shown by sub?éc’tiug

the: compasition to (he action of gasolene,

Morcaver, the addition of the carbohydrate
in-the form of sawdust, stareh, {four, ele;, not
only has the objections heretofore pointed
out; hut such addition makes the fisee more
bulky and henee of increased lenglh for a
predetermined burning time, (hus vendering
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it more liable to breakage when it is thrown

from a train in use.
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The so-called perchlorate fusee is also ob-
jectionable in that it is more easily extin-
guished when thrown from a moving train
than a fusee of the so-called chlorate type,
and it is harder to ignite than a fusee of the
said chlorate type. In my experiments as
heretofore set forth, I have eliminated the
carbohydrate and have employed carbona-
ceous material that is devoid of oxygen and
preferably either in the form of a hydro-

carbon or of a carbon, or of both. In mak-

ing such elimination and in employing hy-
drocarbon or carbon, or both, to the exclu-
sion of a carbohydrate, I have been com-
pelied to make many tests under commercial
conditions before obtaining a perchlorate

fusee wherein such carbonaceous material is

present in the proper proportions with re-
spect to the other ingredients, namely, the

perchlorate, the sulfur and the metallic salt’

or metallic nitrate. I have, however, secured
satisfactory results with the elimination of
the carbohydrate and by she employment of
a hydrocarbon orof a carbon or both; that
is, of a carbonaceous material devoid of

. oxygen. Moreover, I have found that a per-
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" behydrate,

chlorate fusee containing such carbonaceous
material devoid of oxygen is not so, readily

efttinguished as is a perchlorate fusee con-
t#ining carbohydrate, and that it is not so
hard to ignite as is a perchlorate fusee con-

taining carbohydrate. In other words, 1
have not only, in the elimination of the car-
eliminated - certain objections
which my experiments have convinced me
were due to the carbohydrate, but I have
eliminated certain objections heretoforé sup-
posed to be inherently and necessarily charac-
teristic of a perchlorate fusee, and due solely
to the presence of the perchlorate; namely,
the relative ease with which it 1s extin-
guished when thrown from a moving train,
the relative difficulty of igniting the same,
the tendency. of the flames toward incandes-
cence, and the high temperature required for
ignition. I have furthermore discovered
that by using hydrocarbon or carbon, or
both, the perchlorate fusee when preperly
made will not only not be so easily extin-

‘guished when thrown and will not be so hard

to ignite, but it will burn with the produe-
tion of proper colors. ‘
. Perchlorate fusees as heretofore manu-

twenty per cent. of potassium or other per-
chlorate combined with which are nitrate,

sulfur and carbehydrate with charcoal and
antimony if desired, in substantially the fol-

lowing proporticns: nitrate 50 to 95%, sul-
fur 3 te 239, carbohydrate 1 to 119, char-
coal 1%, antimony (sulfid) 1%.

Yo accordance with my invention I pro-
vide as customary in the so-called. perchie-

rate fusee a -suttable mixture of perchlorate

(preferably  perchlorate = of potassium,
though I may employ any suitable perchlo-
rate, such for example, barium, sodium or
ammonium perchlorate) sulfur, hydrocar-
bon, or any suitable carbonaceous material

“devoid of oxygen, and a metallic salt, such
“as a metallic nitrate or oxid to which, if de-

sired, 1 may add charcoal and antimony.

“The perchilorate of potassinm is used to fur-
‘nish the principal supply of oxygen, the

sulfur mminly to increase combustion, the
hydrocarbon and the carbonaceous myterial
to furnish carbon and hydrogen, to aid com-
bastion and to smooth and deepen the flame,
atid the metallic® salt, preferably that of
strontium, barium or sedium, to constitule

- thie bage or color ingredients.

While the proportions of these ingredients
may be varied, they may be those previously
stated with the admixture of a suitable quan-
‘tity. of ¢hlorate of potassium, of barium, of
‘sodiwm, 6f ammonium or-any other suitable

.chlorate in.a small quantity, preferably not

exceeding five per cent. -of the . entire
‘mixture, The carbonaceous material prefer-

“ably employed by me consists of red gum

(the powdered bark of the red gun—

Fucalyptus rostrate), charcoal and grease,

sucly as paraftin -and naphthalene in suit-
able proportions. It will be understood that
T 'may employ one or more hydrocarbons or
carbons, either alone or in suitable mixture,
or that any two of such carbonaceous mate-
rials may be employed. The carbonaceous
materials employed, and which are prefer-
ably carbons or hydrocarbons, are devoid of
oxygen. : ;

I have obtained excellent results by em-
ploying the following formulae, wherein the
mgredients ave specified first in parts by
welght and then in percentages:

Parts by Per-

v ) qweight. centage.
Metallic nigrate R T0. 24
SuMar .. e 9.75
Carbon—prefopably ¢harvcoal ____ 23 1.7
Hydrocarbon—preferably naphtha-

lene or paraflin 2 . 5. 85
Potassinm  perchiorat 21 19, 24
Yotassium eljorde. . B3 2,19
Metallic nitrate 68. 96
Salfur U8
Carhon—rprefe 0.73
Hydrocarbon—p

lene or parafio __________ 1 5. 66
Potasslum percholate - g 12.56
Potassium chlorate .. .. __ 4% 2.21
Metallic nitrate___._____________ 154 74.75

Sulfur_ - __ . 2232 11. 00
Carbon _.__ - 13 2,10
Hydrocarbon - - 12z 5.94
Potassium perchilorate_ [ 4.37
Potassium chlovate. . __ 43 1.89

I have secired excellent results by em-
ploying substantialiy 68 to T6% metallic
nitrate: substantially 9 -to 12% sulfur; sub-
stantially 6 to 8% ecarbonaceous material;
substaniially 4 to 183% potassium perchlo-
rate and substantially 1l to 314 potassium
chlorate. '
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As prcviohsly stated, the pro'portionAor
quantity of chlorate employed is a small

. onc and for best results should not exceed

5% of the entire composition. Excellént
results have been obtained by using about
2%, as appears-from the above formulm.
Preferably I employ potassium chlorate in
a red fusee and a barium chlorate in a green
fusee, but by using any ghlorate I have suc-
ceeded in making a railway time burning sig-
nal fusee having practically all the advantages
of the chlorate fusee, and one in which the
case of extinguishment characteristic of the

perchlorate fusce is greatly lessened, and in
many cases is wholly or substantially wholly

-overcome. o

Iixperiments carried out by nie and ex-
tending over a period of a number of months
have shown that a fusee constructed as here-
in disclosed will successfully ‘meet the high

temperature of ignition test  prescribed -by.

the burcau for the safe transportation of
explosives.  Moreover such fusee is found
to be immune from spontaneous ignition,
though heretofore it had been supposed that
a time burning railway signal fusee contain-
ing any material proportion of chlorate of
potassium or. other chlorate was liable to
spontancous ignition. In other words, it
had been heretofore supposed that any fusce
containing more than a trace of chlorate was
liable to spontancous ignition when sub-
jected to moisture and an elevated tempera-
ture. After an extended series of experi-
ments, I have, however, as above set forth,
demonstrated that a time burning railwa

signal fusce may contain a relatively small’

proportion of chlorate, preferably  about
two, two and a half or three per cent. of a
suitable chlorate, and is not Tiable to spon-
tancous ignition, provided it contains n suit-
able proportion of a perchlorate, such, for
example, as one of the perchlorates pre-
viously referred to by me.” It will be ob-
served that in the several formulxe above set
forth, the quantity or proportion of perchlo-
rate exceeds that of chlorate, and with such
relative - proportions 1 have obtained the
hest results. : .

The timé burning . railway signal fusee
compound eimbodying my invention contains

- as essentigt-ingredients a perchlorate and a
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chlorate (any suitablo perchlorate and any
suitable chlovate being used) together with
sulfur. - To this compusition I add one or
more of the other ingredients specified by
me, and Tor the best resalts T add metallic
nitrate and some suitable carbonacdeous ma-
L cmploy the ferm “carhonaccous mate-
rial 7 to tuelude liydrocarhons, carbons or
other suitable carbon - containing material
devaid of oxygen. o :
Having thus deseribed one embodiment of
wmy iuveution I desive it to ho understood

-~ 1,004,506

-five per cent. of the entire

< - - -

that although specific terms are employed,
they are used in a generic and descriptive
sense and not for purposes of limitation, the

‘scope of the invention being set forth in the

following claims.

Claims: -~

1. Atime burning railway signal fusee com-
prising a metallic nitrate; carbonaceous ma-
terial, devoid of oxygen, sulfur, perchlorate,
ing substantially five per cent. of the entire
composition, thereby producing a time burn-
ing, railway signal fusee compound burning

,witfl brilliancy, tenacity and force of flame

and not liable to spontaneous ignition or
combustion. R :
2.°A time burning railwaysignal fusce
including sulfur, perchlorate, carbonaceous
material devoid of oxygen and a small quan-

tity of chlorate not exceeding substantially

thereby producing a time burning, railway
signal fusee‘com_pouud burning “with bril-
liancy, tenacity and force of fiame and not

liable to spontaneous ignition or combus-
tion. T S
3. A time burning railway signal fusee

comprising a metallic nitrate, carbonaceous
material devoid of oxygen, sulfur, perchlo-
rate of potassium, and a small quantity of
chlorate of potassium not exceeding sub-
stantially five per cent. of the entire compo-
sition, -thereby producing a time burning,
railway signal “fusee - compound burning
with brilliancy, tenacity and force of flame
and not liable to spontanecous ignition or
combustion. :

4. A time burning railway signal fusee
comprising a metallic nitrate, carbonaccous
matcrial devoid of oxygen, sulfur, perchlo-
rate, and a quantity of chlorate less than
the said perchlorate; thereby producing a
time burning, railway signal fusee com-
pound burning with brilliancy, tenacity and
force of flame and not liable to :
ignition or combustion.
comprising a metallic nitrate,
drocarbon, carbon, perchlorate of potassium,
and a small guantity of. chlorate of potas-

stum not cxceeding substantially five per
cent. of the entire composition, thereby pro-
‘ducing a time burning, railway signal fusee -

compound burning with brilliancy, tenacity
and force of flame and not liable to spon-
tancous ighition or combustion. .

6. A time burning railway signal fusee

‘comprising about seventy per cent. metallic

nitrate, about ten per cent. sulfur, about
seven per cent. carbonaceous material de-
void of oxygen and also contitining perchlo-
rate and chlorate, the quantity of chlorate
heing less than the quantity of perchlorate,
thereby producing a time burning, railway

signal fusee' compound burning ‘with bril-

and & small quantity of chlorate not exceed- .

composition,’

5. A time burning railway signal fusee
sulfur, hy-
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liancy, tenacity and force of flame and not
liable to spontaneous ignition or combus-
tion. .

7. A time burning railway signal fusee
comprising about seventy per cent. metallic
nitrate. about ten per cent. sulfur, about
seven per cent. carbonaceous material devoid
of oxveen. about ten per cent. perchilorate
and about two per cent. chlorate, thereby
producing a time burning, raitway signal
fusec compound burning with brilliancy, te-
nacity and force of flame and not liable to
sponfaneous ignition or combustion.

8. A time burning railway signal fusce
comprising about seventy per cent. mctal-
lic nitrate, about ten per cent. sulfar, about
seven per cent. carbonaceous wmaierial de-
void of oxveen, about ten per cent. perchio-
rate of potassium antl abont two per cent.
chiloraie of potassiam, therchy producing a
time burning, railway signal fusee com-
pound burning with brillianey, tenacity and
force of flame and not liable to spontaneous
ignition or combustion.

9. A time burning railway signal fusee
comprising a metallic nitrate, carbonaceous
material devoid of oxygen, sulfur, perchlo-
rate, and a small quantity of chlorate insuf-

8

ficient wlien combined with the perchlorate
in the specified composition to render the
fusee liable to spontancous ignition, thereby
producing a time burning, railway signal
fusee compound burning with briiliancy, te-
nacity and force of flame, and not liable to
spontareous ignition or combustion.

10. A time burning railway signal fusee
comprising substantially sixty-eight to
seventy-six per cent. metallic nitrate; sub-
stantially nine to {welve per cent. sulfur,
subztantially six to cight per cent. earbona-
ceous material devoid of oxygen, substan-
tiallv four to thirteen per cent. potassium
pevehlorate, and substantially one and a
Liatt to three and a Lialf per ceat. potassium
chlorate. therely producing a time burn-
ing. rathway sigual fusee compound burning
with brilliancy, tenacity and force of flame
and not liable to spontaneous ignition, or
Smbuston.

In testimony whereof, T have signed my
name to this egpecification, in the presence
of {wo subscribing witnesses. '

, LOUIS 8. ROSS.

Witnesses:

Irving U Towxsenn,
Evererr 5 Eamey.
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